Desmoid tumors describe a rare monoclonal, fibroblastic proliferation characterized by a variable and often unpredictable clinical course. Although histologically benign, desmoids are locally invasive and associated with a high local recurrence rate, but lack metastatic potential. On the molecular level, desmoids are characterized by mutations in the ␤-catenin gene, CTNNB1, or the adenomatous polyposis coli gene, APC. Proof of a CTNNB1 mutation may be useful when the pathological differential diagnosis is difficult and location might be predictive for disease recurrence.
INTRODUCTION
The term desmoid tumor describes a fibromatous proliferative disease that in its biological behavior is classified between benign fibrous tissue proliferation and fibrosarcoma. According to the World Health Organization, desmoid tumors are defined as "clonal fibroblastic proliferations that arise in the deep soft tissues and are characterized by infiltrative growth and a tendency toward local recurrence but an inability to metastasize."
Desmoid tumors may affect all sites, including the extremities, trunk, and abdomen [1] . For example, only 5% of sporadic desmoid tumors are intra-abdominal, but 80% of patients with familial adenomatous polyposis (FAP)-associated desmoid tumors develop intra-abdominal disease. The incidence is Ͻ3% of soft tissue sarcomas and about 0.03% of all malignancies [2] . Desmoids are therefore a distinct rare tumor entity and are seen in about three to four cases per 1 million of the U.S. population. Desmoids occur between the age of 15 and 60 years, but particularly during early adolescence, and with a peak age of about 30 years. Two different types of desmoid tumors are described: besides the sporadic desmoid tumor manifestation, there is a special relationship between desmoids and FAP (Gardner syndrome). An incidence of 3.5%-32% has been reported in these patients [3, 4] .
The first-line therapy for patients with locally circumscribed desmoid tumors remains surgical resection. However, observation might be an option for a subgroup of patients. The growth pattern of these tumors is deep infiltrating, and there is no tumor capsule. Because the boundaries of the tumors are difficult to distinguish intraoperatively from scars or connective tissue, R0 resection is not always possible and adjuvant radiotherapy is therefore often applied following sarcoma protocols. Desmoids, however, have a high local relapse rate after surgery and/or radiotherapy and exhibit locally aggressive growth, but can often take a multiply relapsing, multifocal course and therefore are not amenable to curative surgical treatment. In this situation, pharmacotherapy is often used to prevent disease progression [5] . The primary aim is to preserve the patient's quality of life, which is threatened by the loss of function and pain caused by proliferative disease. Therapeutic approaches to the treatment of recurrent or nonresectable desmoid tumors comprise antihormonal therapy (e.g., tamoxifen), nonsteroidal anti-inflammatory drugs (NSAIDs) (e.g., cyclooxygenase [COX]-2 inhibitors), and classic chemotherapy regimens, with highly variable results [6, 7] . It has not yet been possible to establish an optimal therapy protocol for this disease. However, multidisciplinary evaluation of patients with desmoid tumors is substantial, and treatment approaches may comprise surgical intervention and/or radiotherapy and/or an- tiproliferative treatment [8] . The following review describes possible treatment options and management strategies for patients with desmoid tumors, with a focus on advanced disease.
CLINICAL FEATURES
The clinical course of desmoid tumors may be unusual and heterogeneous, characterized not only by tumor growth, proliferation, and disease progression but also by stabilization and even spontaneous remission. Figure 1 shows typical localizations of desmoid tumors, including the rectus abdominis muscle, head and neck, pelvis, and extremities, and options for therapeutic approaches. There are different factors associated with the development of desmoid tumors. Higher incidences during and after pregnancy and following exposure to oral contraceptives and reports of spontaneous tumor regression during menopause underline the potential influence of the female sex hormonal environment. These observations form the basis for hormonal therapy in desmoids, which is discussed later. Figure 2 shows the case of a 66-year-old female patient with a desmoid tumor of the right deltoid muscle diagnosed in April 2009 ( Fig. 2A) . The diagnosis was confirmed by ␤-catenin mutation analysis showing a characteristic S45P mutation in exon 3 of the CTNNB1 gene. Surprisingly, restaging in October 2009 demonstrated spontaneous regression of the tumor (Fig. 2B) . On the other hand, desmoid tumors show a remarkable propensity for local recurrence even after apparently complete surgical excision, but usually have no capacity for metastasis. There is little insight into the clinical and molecular determinants that govern this variable behavior and we currently cannot predict which desmoid tumors respond best to the various treatment options in our therapeutic armamentarium [9] . Therefore, watchful waiting or conservative care is advocated by lots of specialists, especially for asymptomatic patients. All treatment algorithms and guidelines incorporate observation into the treatment plan at different time points; however, the ordering and sequence of patients to different treatment modalities before or after observation requires individualized assessment best delivered in a multidisciplinary setting [10] .
DIFFERENTIAL DIAGNOSIS OF DESMOID TUMORS
The differential diagnosis of desmoid-type fibromatosis is broad, with fibroblastic sarcomas on the one extreme and reactive fibroblastic and myofibroblastic processes such as nodular fasciitis and even hypertrophic scars and keloids on the other. Different considerations apply for extra-abdominal and abdominal fibromatosis. Fortunately, nuclear staining for ␤-catenin greatly aids in the diagnosis and is a consistent finding (approximately 80% of cases), although it is not specific and is also seen in a rather large variety of other tumors. The diagnosis can be confirmed by screening for mutations (mainly in exon 3) of the ␤-catenin gene, which are found in ϳ85% of sporadic cases [11] .
Extra-Abdominal Fibromatosis
One major concern is to rule out fibroblastic sarcoma and low-grade fibromyxoid sarcoma. Fibroblastic sarcoma can be positive in ␤-catenin staining [11] , but is usually more cellular, has more atypia, and the spindle cells show a conspicuous herringbone pattern. Low-grade fibromyxoid sarcoma [12] usually shows more delicate nuclei and typically has a characteristic network of curvilinear blood vessels. ␤-catenin staining is positive in 30% of cases [11] . However, low-grade fibromyxoid sarcoma can be reliably ruled out by detection of characteristic translocations involving FUS-CREB3L2 gene fusion by fluorescence in situ hybridization analysis [13] . Gardner fibroma is a rare neoplasm in persons with abnormalities of the adenomatous polyposis coli gene, APC, on the long arm of chromosome 5 that occurs at similar sites and can in fact precede the development of fibromatosis [14] . Not surprisingly, both lesions show nuclear expression of ␤-catenin in a high percentage of specimens [11] . In contrast to desmoid-type fibromatosis, Gardner fibroma shows less cellularity and a greater abundance of collagen, and the spindle cells express CD34. Keloids and other reactive fibroblastic proliferations following trauma can also be difficult to distinguish from fibromatosis. These lesions usually show a more variable picture, with focal hemorrhage and inflammation, and are usually negative for ␤-catenin immunostains.
Intra-Abdominal Fibromatosis
The differential diagnosis of intra-abdominal fibromatosis includes gastrointestinal stromal tumor (GIST), solitary fibrous tumor (SFT), inflammatory myofibroblastic tumor (IMT), sclerosing mesenteritis, and retroperitoneal fibrosis (either idiopathic [Ormond's disease] or secondary to certain drugs or an underlying malignancy, such as a lymphoma). Recently the coexistence of abdominal desmoids with GISTs was described [15] . However, the differential diagnosis with GIST is usually straightforward, because GISTs usually express c-KIT (whereas fibromatosis is consistently negative), CD34, and discovered on GIST-1, and are virtually always ␤-catenin negative [11] . In addition, a high percentage of GISTs harbor mutations in the genes encoding KIT or platelet-derived growth factor receptor (PDGFR)-A. Solitary fibrous tumors can show striking hyalinization and may be difficult to differentiate from fibromatosis, especially in those cases with only a few vessels with a classical "staghorn pattern." However, SFTs typically express CD34, CD99, and Bcl-2. IMTs are more cellular, have more pronounced atypia, and have a marked inflammatory background. Immunohistochemistry may aid in the differential diagnosis because IMTs can be activinlike kinase 1 positive [16] and are ␤-catenin negative [11] . Hyalinization in retroperitoneal fibrosis is more pronounced and often associated with marked lymphoblasmocytic infiltrate [17] .
THE ROLE OF APC AND 〉-CATENIN
␤-catenin has dual roles in epithelial cells, acting as a cell adhesion molecule and also part of a transcription apparatus in the nucleus (Fig. 3) . In mesenchymal cells, such as those in desmoid tumors, the transcriptional role of ␤-catenin is important. Phosphorylation of ␤-catenin is mediated by a portion of the protein encoded by exon 3 of CTNNB1, the gene encoding ␤-catenin. Mutations in CTNNB1 lead to accumulation of ␤-catenin. Recent studies indicate that at least 85% of sporadic desmoid tumors show mutations in this gene, namely, three distinct mutations: T41A, S45F, and S45P. Interestingly, it was found, retrospectively, that the S45F mutation was the most important predictor of recurrence after surgery of the primary tumor, with a relative risk of 3.5 [18] . This finding represents the first documentation of a potentially clinically applicable molecular determinate of desmoid behavior. In another study, it was demonstrated that the 5-year recurrence-free survival rate was significantly worse for patients with desmoid tumors with mutations in the ␤-catenin gene than for patients with wild-type tumors (49% versus 93%; p ϭ .02) [19] . The mutation status of CTNNB1 apparently has prognostic relevance regarding the biological behavior of desmoid tumors, offering new possibilities for the therapeutic management of this disease.
In FAP patients, the coexistence of somatic and germline mutations of APC in desmoid tumors has been demonstrated. Mutations in ras genes or p53 are usually not found in desmoids, thus inactivation of both alleles of the APC gene is involved in the development of desmoid tumors [3, 20] . Several studies have established that specific phenotypic characteristics correlate with the position of the APC mutation in both intra-and extra-abdominal desmoid tumors. Mutations downstream of codon 1309 were associated with an approximately sixfold greater overall risk for desmoid tumors relative to the reference category (mutations between 159 and 495). In more detail, mutations after codon 1464 [21] or codon 1493 [22] were associated with a high risk for desmoid tumors, with a tenfold higher risk for intra-abdominal desmoids and a 20-fold higher risk for extra-abdominal desmoids [3] . APC-modifying genes or epigenetic and environmental factors may further influence the expression of the disease.
TREATMENT OPTIONS FOR LOCALIZED DISEASE
Surgery has traditionally been the therapeutic mainstay for primarily resectable, localized desmoid tumor patients. However, because of variability in the clinical course and the importance of site involvement, the application and use of surgical intervention have been extensively discussed [23, 24] . Variables associated with local recurrence include tumor site and age of the patient [25] . The role of the microscopic status of tumor margins is more complex. Some large retrospective studies demonstrated that microscopically positive margins were predictive of a higher local recurrence rate [10, 26] ; other studies failed to demonstrate an effect of microscopic margins on recurrence [27, 28] . There are no data available from randomized controlled trials comparing "tumorectomy" with acceptable marginal resections with radical tumor removal aimed at an R0 resection. There is a significant correlation between tumor site and quality of surgery [29] . However, in a long-term follow-up of 89 patients, it turned out that patients with microscopically complete surgery had an event-free survival rate similar to that of patients undergoing nonsurgical strategies [29] . Thus, surgical therapy must be tailored to what is achievable in terms of margins while preserving functional status for the individual patient. Although margin status is of importance, operations that preserve function and structure should be the primary goal. Attempts to achieve negative margins may result in unnecessary morbidity and may not definitively prevent local recurrence. The consequences of radical excision may be worse than the disease itself. However, once surgery is finally thought necessary, it should be performed with the aim of achieving negative margins. Large intra-abdominal desmoid tumors in particular can often not be excised completely without sacrificing vital structures and without high perioperative mortality and major morbidity. In the past, procedures such as bowel transplantation have been performed; however, the management of desmoid tumors has become substantially more conservative, including medical treatment options and even observation only [30] .
THE CONTRIBUTION OF RADIATION THERAPY
Radiotherapy has been used both in the adjuvant setting after (incomplete) surgery and in the primary setting, and mainly for extra-abdominal tumors. In an international survey of 110 patients by the Rare Cancer Network, the addition of radiation therapy after surgery was an independent positive prognostic factor for local recurrence and overall survival [31] . Another study demonstrated that radiotherapy alone or in combination with surgery led to a significantly lower local recurrence rate [32] . A comparative review of 22 articles examined the results of surgery and radiotherapy for desmoid tumors. Seven hundred eighty patients were included and local recurrences were followed over a median period of 6 years. Radiotherapy alone (dose range, 10 -72 Gy) and surgery combined with radiotherapy resulted in significantly better local control (78% and 75%) than with surgery alone (61%) [33] . In patients with positive margins after surgery, the relapse rate dropped from 59% to 25% when radiation therapy was added postoperatively. The effect was noted for both primary and recurrent desmoids tumors [33] . The complication rate from radiation therapy was 22.8%, with tissue fibrosis being the main problem. Aside from tissue fibrosis, the risk for radiationinduced neoplasms, which is of particular concern in this young patient population, has to be considered. In-field recurrence occurred mainly if the total irradiation dose was Ͻ50 Gy [33] . Another paper analyzed long-term outcomes of desmoid tumor patients treated with radiation therapy and concluded that desmoid tumors are effectively controlled with radiotherapy administered either as an adjuvant to surgery when resection margins are positive or alone for gross disease when surgical resection is not feasible. However, high rates of radiation-related complications were associated with doses Ͼ56 Gy [34] . Taken together, postoperative radiotherapy is indicated in cases with positive margins and significantly reduces the local recurrence rate. To evaluate the efficacy of radiotherapy for inoperable desmoid tumors, the Soft Tissue and Bone Sarcoma Group of the European Organization for Research and Treatment of Cancer (EORTC) performed a pilot study (EORTC 62991) assessing moderate-dose radiotherapy for aggressive fibromatosis in patients not amenable to resection without significant function loss. Patients received radiotherapy for a total of 56 Gy in 28 fractions. This nonrandomized, phase II study finalized recruitment with 44 patients in April 2008, and patients are still under follow-up; the final analysis is awaited after 3 years of follow-up in the second quarter of 2011.
TREATMENT OPTIONS FOR ADVANCED DISEASE
The use of antihormonal therapy for the treatment of desmoid tumors is based on observations of the natural history of the disease. Certain observations, for example, higher incidences of desmoids during and after pregnancy and reports of spontaneous tumor regression after menopause, form the basis for antihormonal therapy. Studies have shown that virtually all desmoid tumors express nuclear estrogen receptor-␤, but only a small subset of patients respond to antihormonal therapies [35] . One of the most commonly used antiestrogens in desmoid tumors is tamoxifen, with many citations in the literature excellently reviewed by Janinis et al. [5] . However, most of these reports were single case reports demonstrating some sort of response or disease stabilization. Larger series of patients are not available; therefore, no firm conclusion regarding the effectiveness of tamoxifen against desmoids can be reached. It was reported, in a nonrandomized setting, that high-dose tamoxifen (120 -200 mg/day) may be more effective than lower doses of 10 -40 mg/day [36] . However, there is no randomized data supporting the use of high doses of tamoxifen, and the risk for second cancers and deep venous thrombosis could be greater with its use.
The use of NSAIDs against aggressive fibromatosis initially was based on the surprising observation of total regression of a single desmoid tumor of the sternum in a patient taking indomethacin for radiation-induced pericarditis [37] . Because COX-2 seems to play a role in the pathogenesis of desmoid tumors, treatment with NSAIDs that inhibit COX may be effective. Moreover, NSAIDs demonstrate influence on the ␤-catenin pathway [38] . A variety of NSAIDs, such as indomethacin and sulindac, a long-acting analog of indomethacin, were tested in the treatment of desmoid tumor patients and were associated with partial and complete responses in several nonrandomized retrospective studies, either alone or in combination with hormonal agents such as tamoxifen. These different studies are also excellently reviewed by Janinis et al. [5] . The overall response rate of patients treated with sulindac is ϳ50%, and the majority of responders experienced a delayed response with a mean time of 24 months. Therefore, administration of sulindac with or without tamoxifen seems to be an effective noncytotoxic drug treatment that has, however, not been proven through a randomized comparison [36, 37] . In a series of 25 patients, this combination was used as a firstline treatment, and all three patients with sporadic desmoids and 10 of 13 patients with FAP-associated disease developed stable disease, a partial response, or a complete response [36] . Because of its low toxicity, endocrine and/or NSAID therapy is usually considered first-line medical treatment for unresectable, advanced disease without clinical symptoms.
In contrast, in cases of an unresectable, rapidly growing and/or symptomatic and/or life-threatening desmoid tumor, traditional cytotoxic chemotherapy may be the treatment of choice. Table 1 gives an overview of selected chemotherapy regimens used for desmoid tumor patients with advanced disease. In summary, weekly administration of methotrexate and vinblastine has been evaluated mainly in the pediatric patient population and has reasonable activity with tolerable toxicity. The largest series showed at least stable disease in 18 of 27 patients, with eight of 27 patients being free from progression at a median of 43 months [39] . However, it has been questioned whether this regimen can also be applied safely in adults because the combination of vinblastine and methotrexate is quite toxic over time and patients generally cannot complete the recommended year of therapy [40] . Alternatively, the combination of vinorelbine and methotrexate can be administered and is likely much less toxic. There is greater benefit from anthracycline-based therapy [41] [42] (compare Table 1 ), and anthracyclines and hormonal therapy appeared to be the most active agents in the series of de Camargo et al. [43] . More recently, pegylated liposomal doxorubicin at a dose of 50 mg/m 2 every 4 weeks was reported to have significant activity, with four of 12 objective responses and seven cases of stable disease according to the RECIST, and with acceptable toxicity. Nevertheless, six of 11 patients required dose reduction of liposomal doxorubicin because of toxicity [44] . Pegylated liposomal doxorubicin is therefore considered the treatment of choice by many investigators. However, the dose of 50 mg/m 2 every 4 weeks is too toxic for most patients, so dose reductions are appropriate for patients with toxicity, especially when the approach is to give therapy to a maximum response, which can take 12-18 months or even longer.
Locoregional chemotherapy in the form of isolated limb perfusion is another alternative to systemic chemotherapy in patients with limb desmoids, which is particularly interesting if one considers that desmoid tumors rarely form metastases. Melphalan and recombinant human tumor necrosis factor-␣ are used as therapeutic agents with overall response rates of up to 80%. Characteristically, intratumoral hypervascularity disappears after perfusion rather rapidly; however, it may take several weeks to months until a partial or complete response develops. This method seems to be especially useful for patients with locally advanced or recurrent tumors not amenable to function-preserving resections [45, 46] .
Targeted therapies such as imatinib have also been investigated, and both objective remissions and disease stabilization have been reported. Initial data on the use of imatinib in patients with desmoid tumors showed a response in two patients with extra-abdominal fibromatosis [47] . In contrast to other imatinib-responsive tumors, for desmoids it is uncertain whether or not the response is a result of inhibition of known imatinib targets such as KIT, ABL, ARG, and PDGFR-A and PDGFR-B kinases. In chronic myeloid leukemia or GIST, specific genomic mutations and chromosomal translocations have been demonstrated. No such genomic changes have been observed for desmoids, showing that the response to imatinib is not attributable to Kit expression [48] . Heinrich et al. [49] treated 19 patients with desmoid tumors with 800 mg imatinib daily. Three partial responses and four patients with disease stabilization were observed. Genomic analyses revealed no mutations in KIT, PDGFR-␣, or PDGFR-␤. The authors reported that a drop in serum values of PDGF-␤ was observed in patients responding to imatinib treatment. Two further reports showed promising results: Penel et al. [50] were able to demonstrate a 3% complete response rate, 9% partial response rate, and 83% stable disease rate in 40 patients with relapsed or refractory desmoid tumors. The 6-month progression-free survival rate was 74% and the 12-month progression-free survival rate was 69% [50] . These findings from the French Sarcoma Group were updated recently with a 2-year progression-free survival rate of 55% and a 2-year overall survival rate of 95%. Interestingly, none of the biological factors tested in that study, including PDGFR-␣ and PDGFR-␤, ␤-catenin, KIT, and cyclin D1 were correlated with response, progression-free survival, or overall survival [51] . Chugh et al. [52] observed similar promising response rates and nonprogression rates in 51 patients. However, the objective response rate was low and disease progression at enrollment was not required.
Imatinib is not yet licensed for use for this indication, and this is still a matter of current research. The RECIST response rate for imatinib is Ͻ10% and therefore much lower than that of traditional chemotherapy or hormonal therapy. Given its expense and low response rate, it should be reserved for when other options have failed. Finally, the clinical impact of imatinib in the treatment of desmoid tu- mors can only be evaluated prospectively. Currently, a trial of the German Interdisciplinary Sarcoma Group is studying the role of imatinib and nilotinib in a clinical phase II study to evaluate the induction of progression arrest in patients with aggressive fibromatosis/desmoid tumors with documented progression and not amenable to surgical R0 resection or accompanied by unacceptable function loss (EUDRACT: 2007-000624-40, ClinicalTrials.gov identifier, NCT01137916) [53] . Preliminary data on the use of sorafenib in 17 evaluable desmoid tumor patients have been presented, with six of 17 (35%) patients with a partial response, ten of 17 (58%) patients with stable disease, and one patient with progressive disease and death. Improvement in terms of pain and mobility was observed in 65% of patients [54] .
To evaluate the efficacy of targeted therapies such as imatinib in desmoid tumors, 2-deoxy-2-[
18 F] fluoro-Dglucose positron emission tomography (PET) may be useful. In a pilot study, nine patients with progressive disease from a desmoid tumor receiving 800 mg of imatinib daily were studied [55] . Patients were examined with PET prior to the onset of therapy and during imatinib treatment. Seven of nine patients demonstrated stable disease and two patients showed progressive disease according to the RECIST. The 6-month progression-free survival rate for all patients was 67%. A 27% decrease in the median average standardized uptake value (SUV) of the sequential PET examinations was demonstrated, with three patients demonstrating a Ն48% SUV decrease; no patient demonstrated a substantial increase in SUV. With further confirmation of these results, sequential PET imaging may serve as a surrogate marker allowing the detection of SUV changes after imatinib induction, helping to decide whether treatment should be continued or not [55] . However, given the low response rate with imatinib in patients with desmoid tumors, it is also possible that imatinib merely decreases glucose transporters as a biomarker for drug absorption independent of drug activity. Other limitations of PET scanning in this patient population are the high cost and exposure to radiation. Figure  4 shows an example of PET imaging providing additional information over that with conventional computed tomography or magnetic resonance imaging. Imatinib apparently leads to a decrease in tumor cell activity and therefore stabilization of tumor growth. For desmoids, substantial benefit means progression arrest for most patients. PET imaging could therefore be used to monitor the efficacy of imatinib or other tyrosine kinase inhibitors in patients with desmoid tumors.
TREATMENT GUIDELINES
There are several guidelines published on diagnosis, treatment, and follow-up of patients with soft-tissue sarcomas, including desmoid-type aggressive fibromatosis. The clinical recommendations of the European Society for Medical Oncology (http://www.esmo.org) have already been mentioned [8] . They include a brief part on standard treatment and possible treatment options for patients with primary and recurrent desmoid tumors. Observation alone could be considered for patients with primary tumors in cases of diagnostic certitude (biopsy) or when the tumor is located such that progression would not cause significant morbidity. Another set of guidelines is published on the Website of the National Com- prehensive Cancer Network (http://www.nccn.org). The National Cancer Institute (http://www.cancer.gov) summarizes possible treatment strategies for pediatric patients with desmoid tumors. The current state of the art can be summarized as follows:
• Patients with desmoids should be managed by a multidisciplinary team with expertise in sarcoma treatment.
• Shared decision making with the patient is of major importance.
• Treatment of desmoid tumors should be surgery whenever a complete resection with negative margins and preservation of function are possible.
• If surgery to completely remove the tumor is not possible or would be followed by unacceptable function loss, treatment may include the following: ‫ؠ‬ External radiation therapy to shrink the tumor before surgery; ‫ؠ‬ Postoperative brachytherapy or intraoperative radiation therapy to kill any remaining tumor cells after surgery; ‫ؠ‬ An NSAID, antiestrogen therapy, or combination of the two; ‫ؠ‬ Chemotherapy (a watchful waiting policy might be applied first to select only patients with tumor progression for treatment); ‫ؠ‬ A clinical trial of targeted drug therapy with imatinib or other drugs under study.
DISCUSSION AND SUMMARY
Desmoid tumor is a rare and heterogeneous disease that definitely requires individualized treatment to reduce the chance for local tumor control failure. The aims of individualized therapy should include reducing morbidity and function loss and preserving patient quality of life. Many issues regarding the optimal treatment of patients with desmoid tumors remain controversial; however, adequate surgical resection with negative margins is the treatment of choice, except when surgery is mutilating and associated with considerable function loss or major morbidity. In cases with positive margins, postoperative radiotherapy is indicated and significantly reduces the local recurrence rate. Because of radiation-related morbidity and complications, radiotherapy should be avoided in cases with negative tumor margins, except for patients with large desmoids with difficulty intervening in cases of recurrence. With respect to the lack of randomized controlled clinical trials, there is much controversy regarding the optimal administration of systemic therapy for advanced disease. Medical treatment, including antihormonal therapy and NSAIDs, seems to be effective with acceptable toxicity. In 2004, the U.S. Food and Drug Administration issued a public health advisory recommendation for COX-2 inhibitors (Paper No. T04 -61). In cases of an aggressively growing desmoid tumor with significant clinical symptoms, chemotherapy, for example, with pegylated liposomal doxorubicin, can induce responses. However, the optimal choice, indication, and sequence of different medical treatment options, comprising antihormonal therapies, NSAIDs, and cytotoxic chemotherapy, can be elucidated only through prospective clinical trials. In patients with aggressive and disabling extremity desmoid tumors for whom resection without amputation or important functional sacrifice is impossible, isolated limb perfusion may be an effective treatment option, although there is limited experience published. Considering the significant morbidity from surgery and radiotherapy for desmoid tumors, in particular, mutilation and loss of function, and the natural history of desmoids, which is often characterized by prolonged periods of stability or even regression, a period of watchful waiting may be the most appropriate management in asymptomatic patients. In many patients with desmoids, complete eradication of the disease may be worse than the disease itself. Even initial observation may be an adequate action to avoid overtreatment. Bonvalot et al. underline these findings, describing the possibility of a frontline conservative approach for patients with desmoid-type fibromatosis. They treated 142 desmoid tumor patients, of whom 83 received a "wait and see" approach and 59 were treated with medical therapy. Interestingly, there was no significant difference regarding the 5-year progressionfree survival rate for the two groups (49.9% versus 58.6%; p ϭ .31). Therefore, the authors concluded that "a conservative policy could be a safe approach to primary and recurrent desmoid-type fibromatosis, which could avoid unnecessary morbidity from surgery and/or radiation therapy" [56] . The primary aim is preservation of function. Neoadjuvant treatment strategies or a "wait and see" strategy could be performed instead of invasive surgery and/or radiation therapy. Figure 5 depicts a possible treatment algorithm for desmoid tumor patients, showing that all treatment pathways eventually end in an observation strategy. Even initial observation may be chosen for asymptomatic patients with a slowly growing tumor.
Considering their biological behavior, desmoid tumors represent a heterogeneous disease. The aim of individualized therapy is to identify methods to predict the biological behavior for each individual patient. Identification of tumors with a higher risk for local recurrence after excision will be the subject of further research. Specific ␤-catenin gene mutations have been found to correlate with local re-currence in sporadic desmoids. Agents that have ␤-catenin as a molecular target will be further evaluated. Functional imaging methods like PET could be used to predict the biological behavior of desmoid tumors as well as for the monitoring of therapeutic management.
Given the rarity of this disease, prospective trials and correlative laboratory investigations will require multicenter cooperation. The contribution of patient-based advocacy groups in different countries should be sought after (e.g., http://www.dtrf.org, http://www.sos-desmoide.asso. fr, http://www.sos-desmoid.de). Referral of desmoid tumor patients to expert teams is the only way to gain sufficiently large experience in a prospective way. Such efforts will be able to identify clinical or molecular criteria by which patients can be selected for each single therapy, long-term observation, or intense multimodality approaches with the vision of keeping patients with this disease alive and preserving their quality of life [57] . 
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